To fully ascertain the familial aggregation of restless legs syndrome (RLS) and to characterize the clinical features of familial RLS (fRLS) cases.
Main Outcome Measures:
Sibling and offspring relative risk ratio and clinical and genetic features of patients with fRLS and families.
Results: Our data showed that RLS aggregates in families with a familial rate of 77%, a sibling relative risk of 3.6 (95% confidence interval, 2. 8-4.4) , and an offspring relative risk of 1.8 (1.0-2.7). Familial RLS is a chronic disorder with a mean (SD) disease duration of 24 (16) years and a wide range of age of onset (mean [SD], 28 [15] years), with most family members having early-onset disease but mild to moderate RLS symptoms. Our clinical data also indicated that fRLS is more prominent among women who also had increased incidence of anemia/iron deficiency, arthritis, and number of pregnancies. Pregnancy-related RLS seems to be a characteristic feature of fRLS, and afflicted women tend to have a much younger age of onset.
Conclusions: Restless legs syndrome significantly aggregated in families with variable phenotypic expressivity, and the siblings of severely affected individuals have an increased risk of developing the disease. Arch Neurol. 2010;67 (5) : [617] [618] [619] [620] [621] [622] T HE SUBSTANTIAL FAMILIAL clustering of restless legs syndrome (RLS) has long been recognized. [1] [2] [3] [4] [5] [6] [7] [8] [9] However, there has been a lack of large-scale systematic family studies and of full descriptions of the clinical features of familial RLS (fRLS). A systematic family study, ie, the investigation of every family member individually instead of by family history through a proxy report, represents a more accurate approach to delineateacomprehensiveclinicalspectrumofthe phenotypic manifestations and to estimate the relative recurrent risk ratio in relatives (ie,quantificationofthefamilialaggregation).
Currently, RLS remains a clinical diagnosis primarily based on patient self-report of subjective symptoms. 10, 11 Several objective measurements have been developed to confirm the RLS diagnosis. [12] [13] [14] However, none of these tests has a 100% sensitivity and specificity for a definitive RLS diagnosis, and nonehasbeensystematicallyappliedtolargescale population or family studies because of the cost and impracticality of these approaches. In the meantime, telephone diagnostic interview (TDI) using a structured questionnaire has been used and validated as an instrument with reasonable sensitivity and specificity for diagnosing RLS 15, 16 in pilot family and population studies [15] [16] [17] [18] [19] for which a personal face-to-face interview and examination is not always feasible. phone, during or right after the first appointment at the sleep clinic. Ten items for the determination of the severity score (as defined by the International RLS Study Group [IRLSSG] 21 ) were added to the questionnaire in 2002. Each proband or the designated most knowledgeable family informant provided a complete pedigree with detailed genealogical information, complete sibships, birth order of each family union, family history of RLS symptoms, and a brief medical history for all first-, second-, and, when possible, third-degree and remote relatives. They also supplied a list of available family members and their contact information. An experienced clinical research associate (P.T.) trained at the sleep clinic then conducted all the interviews by telephone for all available adult family members (Ն18 years old) using the same questionnaire. Each TDI usually takes about 45 to 60 minutes to complete. The family history and pedigree structure of each family were verified by at least 1 other informant.
The study was approved by all involved institutional ethical committees. All participants provided verbal consent for the TDIs.
DIAGNOSIS AND CLASSIFICATION OF RLS
All symptomatic individuals who fulfilled the 4 essential diagnostic criteria 11 based on the answers provided during the TDIs were classified as having definite RLS, whereas individuals missing 1 of the mandatory diagnostic criteria but having 1 or more supporting attributes of an RLS diagnosis 11 were classified as having probable RLS. All probands had an RLS diagnosis based on their responses on the questionnaire, which was compatible with their clinical diagnosis by multidimensional clinical assessments. Family members with uncertain diagnoses (eg, missing Ͼ1 essential clinical criterion or with a total illness duration of less than 6 months) and symptomatic individuals who did not complete the clinical investigation or TDI were considered to have possible RLS and were excluded from the subsequent analyses. Family members who denied having any RLS symptoms according to their relatives but were not screened by TDI were classified as said-unaffected and were excluded from the subsequent analyses as well. Only those family members (Ն18 years old) negative for both "urge to move" and "discomfort in the legs" as assessed by TDI were classified as unaffected at the time of investigation.
The proband was classified as having fRLS when there was at least 1 first-degree relative with an RLS diagnosis confirmed by either clinical interview or TDI and as having sporadic RLS (sRLS) when all his/her adult first-and second-degree relatives were free of any RLS symptoms. In addition, the probands with a positive family history were classified as fRLS group 1 (fRLS1), whereas the affected relatives were classified as fRLS group 2 (fRLS2) because the ascertainment methods used were different.
The nature of the relationships between RLS and several comorbidities are largely unknown. 22, 23 In this study, items that ask about a concomitant history of renal failure/insufficiency, anemia/iron deficiency, arthritis, peripheral neuropathy, and diabetes were placed at the beginning of the RLS questionnaire. Individuals with a definite and probable RLS diagnosis were either classified as RLS without associated medical condition or as RLS with associated medical condition if 1 or more of the above-mentioned medical conditions were present.
STATISTICAL ANALYSES
All descriptive statistics and between-group comparisons were performed using STATISTICA statistical software (StatSoft Inc, Tulsa, Oklahoma). The comparison of means for continuous variables was performed using 2-tailed equal-variance t tests, and the comparison of dichotomous variables was performed using 2-tailed Fisher exact tests with 2 ϫ 2 contingency tables or using 2-tailed 2 tests if the comparisons included more than 2 variables. Correlation analyses were performed using 2-tailed Pearson tests. In addition, 20 quantitative variables were compared between groups, including age, age at onset, duration of illness, 10 individual items on the severity scale and the total severity scale, number of associated conditions, measurements of periodic leg movements during sleep (PLMS) and periodic leg movements while awake (PLMW), Suggested Immobilization Test (SIT) scores, and sleep latency and efficiency. For single tests, PϽ.05 was considered significant; for the comparison of multiple variables between groups, the Bonferroni correction was applied for multiple testing. Multigroup univariate comparisons were performed using analysis of variance.
The relative sibling recurrence risk ( s ) and the offspring recurrence risk ( o ) were calculated as the ratio of the recurrence risk in the living adult siblings and offspring of the probands vs the population prevalence estimated in the literature (ie, 10%), 24 which corresponds to a type II relative risk. 25 Only living adult siblings and offspring screened by questionnaire were included in the calculation of . Family structure statistics were generated by PEDINFO, which is part of the SAGE statistical software package, version 5.2.0 (SAGE Project, Case Western Reserve University, Cleveland, Ohio). 26 
RESULTS

SUMMARY OF THE FAMILY STUDY
A total of 249 probands and their relatives were interrogated directly or indirectly (mean [SD] pedigree size, 12 [10] individuals per family), which included 567 sibships (mean [SD] size, 4 [3] siblings per sibship). A detailed distribution of different categories, for a total of 2729 family members and their clinical status, are shown in Table 1 . Among the 1350 living adult biological relatives with contact information, 5.0% could not be reached, and 10.0% declined to participate in the study; therefore, the response rate for the TDI survey was 85.0%. Although all probands were from Montreal, only 30.0% of their family relatives lived in Montreal and surrounding areas, with the remaining 60.0% living in Quebec City and surrounding areas and 10.0% living outside of Quebec in Canada or abroad.
Among the 1141 individuals (249 probands and 892 living adult relatives) who completed the questionnaire, 194 men and 200 women had never had any RLS symptoms and were therefore considered to be unaffected; another 268 men and 479 women were symptomatic (ie, definitely or probably affected) for RLS (female to male ratio, 1.79; 2 =18.74; PϽ.001). A total of 367 patients with fRLS (69% women) completed the severity scale according to the criteria of the IRLSSG. To our knowledge, this study represents the largest collection of full-family study data on RLS so far reported in the literature.
FAMILIAL AGGREGATION OF RLS
Among the 249 fully investigated probands, 192 (77.1%) were classified in the fRLS1 group and another 57 (22.9%) were classified as sRLS, as previously defined. An additional 479 family members from 192 pedigrees who com-(REPRINTED) ARCH NEUROL / VOL 67 (NO. 5), MAY 2010 pleted the TDI and fulfilled the diagnostic criteria were classified as the fRLS2 group.
The sibling (mean [SD] age, 57 [12] years) relative risk was 3.6 (95% confidence interval, 2.8-4.4) and the offspring (mean [SD] age, 36 [12] years) relative risk was 1.8 (1.0-2.7). Both were calculated using an estimated population prevalence of 10%. 24 Among the 192 fully studied families, 76 had only 1 symptomatic individual, 83 had 2 to 5 symptomatic individuals, 21 had 6 to 10 symptomatic individuals, and 12 had more than 10 symptomatic individuals. Visual inspection of the pedigrees presenting the RLS phenotype indicated that most of the pedigrees (~90%) showed a vertical transmission compatible with a dominant-like inheritance pattern; however, some pedigrees were compatible with recessive inheritance. Among the 567 nuclear families ascertained, we observed some cases of distortion of Mendelian inheritance, ie, 38 nuclear families had 50% or more of siblings symptomatic with ascertainment of complete sibship. Among the 567 nuclear families in the study, 16 nuclear families also had bilinear inheritance (ie, both parents were affected and/or had a positive family history), among which 50% or more of siblings in 8 nuclear families were symptomatic.
GENERAL CLINICAL CHARACTERISTICS OF FAMILIAL RLS
The collective main clinical features of these 671 fRLS cases are summarized as follows.
Sex Differences
Our data confirmed that more women had fRLS (447 women vs 224 men), particularly among the firstdegree relatives, as shown in Table 1 . The 3 main associated medical conditions for women with fRLS were anemia, arthritis, and pregnancy (37% women) (eTable 1). Women with fRLS tended to have a higher total severity score compared with men (P = .001), although the main differences regarded the self-estimated general severity (P Ͻ .001), daily severity (P Ͻ .001), and mood disturbance (P=.001). In contrast, scores on other items of the severity scale were similar between women and men with 
Age at Investigation, Age at Onset, and Disease Duration
The age at investigation was close to a normal distribution, with a mean age among the whole fRLS cohort of 52.0 years (Figure, A) . The distribution of age at onset was skewed, with the mean for fRLS being 28.0 years and the peak happening around 11.0 to 20.0 years (Figure, A correlation analysis also indicated that age at onset was highly correlated with age at investigation (r = 0.432; Abbreviation: RLS, restless legs syndrome. a Data are given as the number of individuals in each category (percentage of each class of relatives). Percentages may not sum to 100 because of rounding.
(REPRINTED) ARCH NEUROL / VOL 67 (NO. 5), MAY 2010 PՅ.001). Therefore, the earlier age at onset observed in the offspring generation may be related to heightened awareness of disease symptoms within a family.
Different Clinical Courses
Of fRLS cases, 8.0% (mainly family relatives) reported that their RLS symptoms remitted at the time of investigation, 15% reported diminished symptoms, 41% reported stable symptoms, and 36% had progressive symptoms. None of the categorical clinical variables was deterministic of the type of clinical course (data not shown). Multivariate analysis of variance indicated the absence of differences in terms of age, age at onset, disease duration, and sleep measurements among the 4 different types of clinical courses (data not shown).
Severity
Three hundred sixty-seven fRLS cases completed the IRLSSG severity scale. Among them, 12% had a very severe score (range, 31-40; mean [SD], 34 [2] ), 34% had a severe score (21-30; 25 [3] ), 43% had a moderate score (11-20; 15[3] ), and 11% had a mild score (8-10; 8 [2] ). None of the clinical variables was deterministic of the different degrees of severity solely (data not shown).
CLINICAL CHARACTERISTICS OF DIFFERENT SUBGROUPS
Familial vs Sporadic RLS Probands
The comparison of the clinical features of the 192 fRLS probands with those of the 57 sRLS probands revealed that the most significant differences between the fRLS1 and sRLS groups were a significantly younger age at onset for the former, as previously reported, 5,20 a relatively longer duration of the disease, and slightly higher PLMS measurements ( . Therefore, the designation of familial vs sporadic groups may be largely influenced by the family size itself.
Familial RLS Probands vs Affected Relatives
The comparison of the 192 fRLS probands with the 479 fRLS family members (ie, fRLS1 vs fRLS2) did not reveal a significant difference of age at investigation and duration of illness between these 2 groups, with similar early age at onset ( Table 2 ) in both groups. However, the proband group had much higher scores on individual items of the IRLSSG severity scale and total severity scale than the relatives group. Moreover, there were no differences in SIT, PLMS and PLMW measurements, and sleep latency between the proband and relatives groups. There was no significant difference for the presence of associated medical conditions between the fRLS probands and the affected relatives (eTable 2). However, we observed a much higher rate of restless arms in the probands compared with the relatives (P Ͻ.001). The profiles of clinical course and severity were significantly different in probands and affected relatives (PϽ.001 for both comparisons). Most probands were considered to be severe RLS cases with profound sleep problems (eTable 2), which could be owing, at least partially, to the fact that these patients came to a sleep clinic for medical consultation and treatment.
COMMENT
Restless legs syndrome is one of the few common neurological disorders that exhibit significant familial aggregation. The dissection of the underlying genetic and nongenetic composition of the outstanding familial aggregation observed in RLS should be interesting to all concerned physicians, geneticists, and epidemiologists. Our data have further confirmed the significant familial aggregation of RLS, as evidenced by the strong positive family history (77%), the significantly increased sibling relative risk ( s = 3.6; 95% (REPRINTED) ARCH NEUROL / VOL 67 (NO. 5), MAY 2010 confidence interval, 2.8-4.4) compared with the general population, and the ascertainment of many multigenerational pedigrees with multiple affected individuals, as well as the previous twin study of RLS. 27 We used a commonly accepted upper range of population prevalence of 10% for RLS in calculating the relative risk. 24 The relative risk would be higher if we used a lower prevalence from more rigorous diagnostic procedures in disease survey. Although familiality can be attributed to either genetic or environmental risk factors, or a combination of both, Khoury et al 28 used a simple statistical model to demonstrate that simple familial clustering of environmental factors is unlikely to account entirely for the familial aggregation of disease and that genetic factors ought to play an important role in this phenomenon. Nevertheless, our study was not a population-based genetic epidemiological study in its original design; therefore, an ascertainment bias toward severe cases of probands with a strong family history cannot be excluded or corrected. Therefore, the recurrence risk calculated in their siblings cannot be generalized to the population but rather should be restricted to siblings of a moderately to severely affected proband. An enlarged, prospective population-based family study including exposure to environmental risk factors will allow a more precise quantification and delineation of the familiality of RLS.
Another limitation of our study is that we did not design specific questions to eliminate the possible mimics that could fulfill the 4 criteria during the interview, as recently suggested by Hening et al. 29 Nevertheless, we expect the percentage of such cases will be very small in our cohort because of our more detailed questionnaire and rigorous diagnostic criteria applied.
Our data have further confirmed the female preponderance of RLS in a large cohort of familial cases and suggested that the pregnancy-related RLS symptoms are part of the clinical features of fRLS instead of a form of secondary RLS as previously suggested. The predominance of women with RLS could be explained by a combination of several factors, such as the presence of comorbid conditions (especially the iron-depletion conditions 30 such as pregnancy-related RLS) and a higher sensitivity to RLS symptoms (particularly to the sensory symptoms) and to the distress that RLS symptoms impose on the lives of female patients. The lower PLMS index in women compared with men with RLS found in this study is intriguing but needs further investigation. It may suggest a different clinical profile in women than in men in terms of their sensory and motor manifestations of RLS. We thank all the patients and their families; without their participation and full collaboration this study would not be possible.
